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Abstract 

Background:  The efficiency of capecitabine has been proven in early-stage triple negative breast cancer (eTNBC) 
with residue invasive tumor (non-pCR) after standard neoadjuvant chemotherapy (NACT). However, for those unse-
lected eTNBC patients without screening from NACT (i.e., newly diagnosed eTNBC patients undergoing breast surgery 
followed by adjuvant systemic therapy), the value of capecitabine has still remains unclear. We performed a meta-
analysis of randomized controlled trials (RCTs) to evaluate whether additional capecitabine in eTNBC patients could 
improve clinical outcomes.

Methods:  Seven RCTs (USO 01062, FinXX, GEICAM/2003, CREATE-X, CIBOMA/2004, CBCSG-010 and SYSUCC-001) 
were identified in online databases until December 2020 and included in the meta-analysis. We extracted the survival 
data including disease/relapse-free survival (DFS/RFS) and overall survival (OS), and utilized the STATA software to 
calculate the summarized hazard ratios (HRs) and 95% confidence intervals (95%CIs).

Results:  A total of 3329 eTNBC patients were enrolled in this meta-analysis, with 1640 receiving standard neo−/
adjuvant chemo-regimes alone, and the other 1689 receiving an additional capecitabine use, respectively. Both DFS 
and OS were significantly improved with the addition of capecitabine, and the benefits remained consistent in those 
unselected eTNBC patients without screening from NACT. Subgroup analysis further proved that this improvement in 
DFS was significant in both nodal negative and positive patients. Similar benefits are also found across menopausal 
status (both pre- and post-menopause). Regarding toxicity, the hand-foot syndrome and neutropenia are the most 
common capecitabine related adverse events, and are mostly tolerable.

Conclusions:  The present meta-analysis of RCTs demonstrates for the first time that adding capecitabine to standard 
chemo-regimens could improve both DFS and OS in unselected eTNBC patients, and this benefit remains consistent 
regardless of nodal status and menopausal status, which may lead eTNBC therapy into a new era.
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Background
Triple Negative Breast Cancer (TNBC), i.e., simultane-
ously negative for ER, PR and HER-2, which accounts 
for approximately 15–20% of breast cancer (BC), has 
significantly inferior clinical outcomes than non-TNBC 
[1, 2]. Chemotherapy is generally the dominant systemic 
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treatment for TNBC. To date, anthracyclines(A/E) and 
taxanes(T) have been the most popularly used and effi-
cient cytotoxic drugs, and the A&T based chemo-reg-
imens, along with other chemotherapy drugs, such as 
cyclophosphamide (CTX/C) or carboplatin (Cb), have 
been recommended as the preferred or standard chemo-
regimens for early-stage TNBC (eTNBC) [3]. Moreover, 
dose-dense regimens are more effective than conven-
tional schemes from past decades [4–7]. Neoadjuvant 
chemotherapy (NACT) has also offered important guid-
ance for ameliorating prognosis, especially for TNBC or 
HER-2+ patients [8–10]. However, even with all the pro-
gress above, the prevention of tumor recurrence is still 
unsatisfactory for eTNBC.

Capecitabine(X) is an orally available prodrug of fluo-
rouracil (5-Fu, F). Capecitabine is efficient and is used 
as a second-line monotherapy option in metastatic BC 
patients resistant to anthracycline and taxane based 
regimens [11, 12]. In recent years, several studies have 
explored the effect of adding capecitabine to standard 
chemotherapy regimens on improving clinical outcomes 
for early-stage TNBC [13, 14]. The two common strate-
gies are adding capecitabine use concurrently with or 
sequentially after anthracycline and/or taxane based 
chemo-regimens [15]. The CREATE-X trial demon-
strated that disease-free survival (DFS) was significantly 
prolonged with adjuvant capecitabine use in HER2-BC 
patients (especially in TNBC patients) who had a residual 
invasive disease (non-pCR) after standard NACT [16]. 
Thus, the addition of adjuvant capecitabine for eTNBC 
with non-pCR after NACT has been recommended in 
most guidelines [3].

However, for those unselected eTNBC patients with-
out screening from NACT (i.e., newly diagnosed eTNBC 
patients undergoing breast surgery followed by adjuvant 
systemic therapy), the effectiveness of adding capecit-
abine is not convincing in previous randomized con-
trol trials (RCTs). The GEICAM/2003–10 showed that 
4 cycles of capecitabine following 4 cycles of ET regi-
mens might be inferior to the standard 4EC-4 T regi-
men in node positive eTNBC subgroup [17]. In the 
CIBOMA/2004–01 trial, 8 cycles of capecitabine follow-
ing standard chemotherapy failed to significantly prolong 
DFS of whole TNBC, although in the subgroup analysis, 
non-basal TNBC patients seemed to gain a survival ben-
efit [18]. Due to these negative results, the indications 
of additional capecitabine use, for unselected eTNBC 
patients without screening from NACT, have not been 
defined yet [19]. Recently, two important RCTs reported 
encouraging results. In the SYSUCC-001 trial with 434 
unselected eTNBC patients enrolled, 5-year DFS was 
significantly prolonged in patients receiving additional 
capecitabine after standard chemotherapy (82.8% vs. 

73.0%, p = 0.03, [20]. Similarly, the CBCSG-010 trial, 
which added capecitabine concurrently with the standard 
chemotherapy (3XAC-3TX vs. 3FAC-3 T), also obtained 
a favourable outcome for the capecitabine group [21].

With increasing and conflicting results reported by dif-
ferent trials, we performed the present meta-analysis of 
RCTs to evaluate the role of additional capecitabine in 
eTNBC receiving standard chemotherapy, especially in 
unselected patients without screening from NACT. In 
this study, we compared the survival outcomes and per-
formed stratified analysis to identify the patients who 
most warranted additional capecitabine.

Methods
Publication selection and search strategy
This investigation is complied with the guidelines of Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) and is registered at PROSPERO 2021 
(ID:CRD42021227868; Available from: https://​www.​crd.​
york.​ac.​uk/​prosp​ero/​displ​ay_​record.​php?​ID=​CRD42​
02122​7868).

Literature published before December 20, 2020, was 
identified in PubMed, EMBASE, and the Cochrane 
Library independently by FY and LB. Presentations of 
important annual conferences within the past 15 years, 
including the ESMO (European Society for Medical 
Oncology), SABCS (San Antonio Breast Cancer Sympo-
sium), and ASCO (American Society of Clinical Oncol-
ogy), are also searched.

The following key words were used as queries: (breast 
OR mammary) AND (cancer OR neoplasm OR carci-
noma) AND (capecitabine OR xeloda) AND (TNBC 
OR triple-negative OR triple negative OR basal-like OR 
HER-2 negative). Only studies written in English were 
included.

Inclusion and exclusion criteria
The criteria for the included prospective RCTs were as 
follows: (1) non-metastatic TNBC patients with stage 
I-III disease were enrolled, even as a subgroup; (2) stud-
ies should compare the survival between the Control 
group (TNBC patients receiving standard neo−/adju-
vant anthracyclines and/or taxanes based chemotherapy) 
and the Capecitabine group (TNBC patients receiving 
additional capecitabine); (3) detailed survival data, such 
as rates or hazard ratios (HRs) of overall survival (OS), 
disease-free survival (DFS) or relapse free survival (RFS), 
should be provided. Definitions of survival data should 
be described in these studies; and (4) only the latest 
report with complete survival data of the same RCT was 
included.

The exclusion criteria for trials were as follows: (1) 
non-human studies or Non-RCTs; (2) single-arm trials or 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021227868
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studies without proper control groups; (3) studies with-
out detailed survival data for analysis; and (4) ongoing 
trials without published results.

Data extraction
The following information was independently extracted 
from eligible studies by FY and LB, independently: 
authors, study name, publication year, type of study (with 
registry number), the sample size of TNBC patients in 
each arm, median follow-up, baseline situation of TNBCs 
(unselected patients or screened from NACT), detailed 
chemotherapy regimens, capecitabine dosage and usage, 
enrolled clinical stage, nodal and menopausal status, and 
rate of adverse effects (AEs) if available. HR and 95%CI 
for survival data were extracted if available, or trans-
formed from the survival curve [22].

The primary research objective was to evaluate the 
survival benefits of additional capecitabine in eTNBC 
patients, and the major endpoints were DFS/RFS and OS. 
The secondary research objective was to evaluate the tox-
icities, and the corresponding indices were AEs.

Statistical analysis
The detailed survival data were extracted and summa-
rized as HRs and corresponding 95% confidence intervals 
(95%CIs). Heterogeneity of these data among the eligible 
studies was detected by Chi-square test-based Q statis-
tics and I2 test. If significant heterogeneity was indicated 
(i.e., p < 0.05/I2 > 50%), we applied a random-effect model 
to calculate the summarized HRs and 95%CI. Subgroup 
analyses were conducted according to lymph node status, 
menopausal status and regimens with/without taxanes. 
The results are shown in forest plots.

Egger’s test (indicated by p < 0.05) and funnel plots were 
utilized to evaluate the publication bias. All statistical 
analyses were performed with Stata 12.0 software (Stata 
Corporation, College Station, TX, USA) with two-sided 
p values.

Results
Eligible studies
Based on the predefined criteria, we found 486 relevant 
articles through the search of online databases. Twenty 
articles were excluded for duplication during the first 
screening. After title and abstract revision, another 
361 articles were excluded. During a full-text assess-
ment, 98 articles were excluded because they were trials 
without proper control arms, single-arm trials or trials 
without sufficient data for analyses. Ultimately, seven 
RCTs (USO 01062, FinXX, GEICAM/2003, CREATE-X, 
CIBOMA/2004, CBCSG-010 and SYSUCC-001, [16–18, 
20, 21, 23, 24], which met the eligibility criteria, were 
included. The PRISMA flow diagram is shown in Fig. 1.

Characteristics of enrolled trials
Ultimately, seven RCTs including a total of 3329 early-
stage TNBC patients were enrolled in this meta-analysis, 
with 1640 receiving standard neo−/adjuvant chemo-
regimes alone, and the other 1689 patients receiving an 
additional capecitabine use, respectively. All seven trials 
have published articles with full text. In 4 trials, capecit-
abine was “piggybacked” on top of standard chemother-
apy regimens, while in the other 3 trials, capecitabine was 
subsequently administrated after standard chemotherapy 
regimens.

DFS data could be extracted in six trials except for 
FinXX, in which RFS was presented. OS data could be 
extracted in five trials.

The characteristics of the eligible studies are presented 
in Table 1. The survival data are shown in Table 2.

Efficacy of Capecitabine addition
Overall efficiency
As shown in Table  2, OS data of TNBC patients were 
reported in five of the seven RCTs (n  = 2961 TNBC 
patients; Capecitabine/X arm: 1501, Control arm: 1460). 
The separate and summarized HRs and 95%CIs are 
shown in Fig.  2A. No between-study heterogeneity was 
noted (p = 0.403, I-square = 0.6%). The summarized esti-
mate HR of the capecitabine arm versus the Control arm 
was 0.73 (95% CI: 0.60–0.89).

All the seven trials provided DFS/RFS data (n = 3329; 
X arm: 1689, Control arm: 1640). Considering that only 
one trial (FinXX) provided RFS data and that the RFS 
definition was similar to DFS in the other six trails, RFS 
in FinXX was calculated as DFS in the pooled effect anal-
ysis. The pooled HR was 0.735 (95% CI: 0.637–0.850), as 
shown in Fig.  2B. A fixed-effects model was used, with 
no significant between-study heterogeneity (p = 0.274, 
I-square = 20.3%).

The summarized HRs above show that Capecitabine 
arm has significant improvements in both OS and DFS 
compared with Control arm. However, as presented in 
Table 1, the initial situations of TNBC patients recruited 
across the seven trials were not comparable: one trial 
(CREATE-X) recruited TNBC patients screened from 
NACT (with non-pCR after standard NACT), while 
the other six trials recruited unselected patients. Thus 
we further repeated the analysis in the trials without 
CREATE-X.

With the removal of CREATE-X, there were four trials 
reporting OS data (n = 2675; X arm: 1313, Control arm: 
1362) and six trials reporting DFS/RFS data (n = 3043; 
X arm: 1550, Control arm: 1493). The summarized HR 
for OS was 0.76 (0.62–0.94), and that for DFS was 0.76 
(0.65–0.89), as shown in Fig. 2C-D.
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Altogether, these analyses proved for the first time that 
the addition of capecitabine to standard chemo-regimens 
could improve both DFS and OS for early-stage TNBC 
patients, even for those unselected patients without 
screening from NACT.

Subgroup analysis
Given that some TNBC patients in the CIBOMA/2004 
and SYSUCC001 trials received anthracyclines (A) or 
taxanes (T)-based regimens, we further specifically sum-
marized the HR for DFS in those patients with A&T-
based regimens, and the result was accordant (HR = 0.76; 
0.64–0.90), see Fig. 3A.

To explore the indications for the addition of capecit-
abine in unselected early-stage TNBC patients (with the 
removal of CREATE-X), we further conducted a sub-
analysis according to lymph node status and menopausal 
status.

Three trials (CIBOMA/2004, CBCSG-010 and SYS-
UCC-001) provided the DFS data in the lymph node-
negative (LN negative, LN-) subgroup. As shown in 
Fig.  3B, for LN- TNBC patients (n = 1135; X arm: 575, 
Control arm:560), a significantly better DFS outcome was 
indicated in the capecitabine group (HR = 0.673,0.495–
0.917). Four trials (GEICAM/2003, CIBOMA/2004, 
CBCSG-010 and SYSUCC-001) provided the DFS data in 

the LN-positive (LN+) subgroup (n = 913; X arm: 477, 
Control arm:436). A marginally better result of pooled 
DFS was found for the capecitabine group (HR = 0.83, 
0.66–1.04), see Fig.  3C. Since the GEICAM/2003 trial 
only add capecitabine for 4 cycles, if we repeated the anal-
ysis in the left three trials adding capecitabine≥6 cycles 
or 18 weeks (n = 747; X arm: 382, Control arm:365), the 
capecitabine group would gain a significantly better DFS 
(HR = 0.76, 0.59–0.99), see Fig.  3D. Thus, the effect of 
capecitabine on DFS was definite and consistent across 
patients with different nodal status in unselected early-
stage TNBC patients.

The benefit of capecitabine on DFS was also observed 
in subgroup analysis of different menopausal status 
(Fig. 3E-F). Our results proved that both premenopausal 
(three trials, n = 886; X arm: 447, Control arm:439) and 
postmenopausal (three trials, n = 933; X arm: 511, Con-
trol arm:482) patients could benefit from adding capecit-
abine to standard chemotherapy.

Toxicity
To evaluate the safety of additional capecitabine in TNBC 
treatments, we analyzed data from the CBCSG-010, 
CIBOMA/2004–01 and SYSUCC-001 trials, which only 
included TNBC patients as the whole cohort. The safety 
profiles of the capecitabine group and the observation 

Fig. 1  The PRISMA flow diagram
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group are listed in Table 3. The grades 3–4 AEs were ana-
lyzed. The capecitabine group showed significantly ele-
vated risk Grade 3 or 4 AEs(45.6% vs. 32.8%, OR = 1.17; 
p < 0.001). Hand-foot syndrome (HFS) and neutropenia 
were the most common AEs. However, severe AEs were 
rare in both groups. Of note, the CIBOMA/2004–01 trial 
reported 5 severe AE-caused cases in the capecitabine 
group with 2 in the observation arm.

Publication bias
Egger’s test was used to detect the publication bias. There 
was no significant publication bias identified in the data 
pooling (results not shown).

Discussion
Improving the clinical outcomes of early-stage TNBC is 
still a critical issue [25]. The value of adding capecitabine 
to standard chemotherapy regimens in non-metastatic 
TNBC patients has been a hot topic in recent years. 
There have been several meta-analyses concentrating on 
this issue [26], of which the latest one was published in 
2020 [27]. However, due to limited study quantities and 
survival data, the previous meta-analysis did not explore 
the role of capecitabine addition in unselected TNBC 
patients and failed to identify the target population most 
likely to benefit from adding capecitabine, especially in 
those TNBC without screening from NACT.

In this meta-analysis, we included several trials up to 
date with latest survival data, such as SYSUCC-001, 
CBCSG-010 and CIBOMA/2004–01, thus making this 
article more meaningful and convincing with respect to 
discussing the role of capecitabine in adjuvant treatments 
of TNBC.

The present research first proved the value of the 
addition of adjuvant capecitabine for early-stage TNBC 
patients receiving standard chemotherapy, which is simi-
lar to previous studies. Moreover, we explored its value 
in those unselected TNBC patients (with CREATE-X 
removal). The summarized HRs for DFS and OS con-
firmed the value of adding adjuvant capecitabine in unse-
lected TNBC patients receiving standard A&T-based 
regimens, with the risk decreasing by approximately 1/4.

The subsequent subgroup analysis further ensured the 
comprehensive benefits of adding capecitabine in unse-
lected TNBC patients, across the LN status and meno-
pausal status. The results even indicated that the addition 
of adjuvant capecitabine might bring more benefits to 
LN-negative TNBC patients, decreasing the relapse risk 
by 33%, compared with a 24% risk decrease in LN-posi-
tive group.

The therapeutic strategies for early-stage TNBC may 
be profound influenced by these encouraging results. 
To some extent, the present treatment mode of non-
metastatic TNBC is a “NACT-guided mode”. Accord-
ing to the current mainstream guidelines, early-stage 

Table 2  Survival data of eligible studies

NS not shown

Study Chemo-
regimen 
-Control arm
-X arm

TNBC NO. 
-Control arm
-X arm

HR(95%CI) for Survival data(5-year evaluated)
X arm vs Control arm

Subgroup 
analysis in 
TNBC patients

OS DFS RFS LRRFS DMFS

USO 01062 -4 AC-4 T
-4 AC-4 TX

−384
−396

0.62 (0.41–
0.94)

0.81 (0.57–
1.15)

NS NS NS NS

GEICAM/2003 -4EC-4 T
-4ET-4X

−71
−95

NS 1.19 (0.70–
2.04)

NS NS NS All LN positive

FinXX -3 T-3CEF
-3TX-3CEX

−109
−93

NS NS 0.53 (0.31–
0.92)

NS NS NS

CREATE-X -standard 
NACT​
-standard 
NACT​
+  6-8X

−147
−139

0.52 (0.30–
0.90)

0.58 (0.39–
0.87)

NS NS NS NS

CIBOMA/2004 -standard CT
-standard CT
+ 8X

−428
−448

0.92 (0.66–
1.28)

0.82 (0.63–
1.06)

NS NS NS LN status; 
menopausal 
status

CBCSG-010 -3 T-3CEF
-3TX-3CEX

−288
−297

0.67 (0.37–
1.22)

0.66 (0.44–
0.99)

0.59 (0.38–
0.93)

NS 0.63 (0.39–
1.00)

LN status; 
menopausal 
status

SYSUCC-001 -standard CT
-standard CT
+ X(1 year)

−213
−221

0.75 (0.47–
1.19)

0.64 (0.42–
0.95)

NS 0.72 (0.46–
1.13)

0.60 (0.38–
0.92)

LN status; 
menopausal 
status
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TNBC patients with risk factors (i.e., T > 2 cm, or LN+, 
or young-onset (<40y), or a high ki67 index) are rec-
ommended to receive standard NACT. After screening 
from NACT, patients with residual invasive tumor are 
strong candidates for additional 6–8 cycles capecitabine 
use. While in those unselected TNBC patients, indica-
tions for capecitabine addition, aside from standard 
A&T-based regimens, are not clearly defined. However, 
the present study provides qualified evidence to fill in 
the blanks. Our results demonstrate that the addition 
of capecitabine in early-stage TNBC significantly ame-
liorates prognosis, and the effects are concrete and 
consistent across LN status and menopausal status. 
Thus, for non-metastatic TNBC, a new era of “Standard 
chemotherapy plus capecitabine” is definitely coming 
(See Fig. 4): we recommend standard A&T based regi-
mens plus additional capecitabine use for early stage 
TNBC patients with risk factors (T > 2 cm, LN+, young 
onset); for T1b-cN0M0 patients, additional capecit-
abine use could be considered, however, the existing 

data are limited (only in SYSUCC-001 with a very small 
sample size).

In summary, the “NACT-guided mode” is still the 
preferred therapeutic algorithm for early-stage TNBC 
with risk factors. However, in practical work, when we 
encounter TNBC patients who undergo breast surgery 
first, the “Standard chemotherapy plus capecitabine” 
mode could play a role. Thus, this recommendation 
is not a replacement but a supplement for the pre-
sent therapeutic algorithm. These two modes could 
work together to make eTNBC treatments more 
comprehensive.

Regarding the usage of capecitabine in unselected early 
stage TNBC patients, we think there are no consensuses 
reached thus far, since most existing trials (as shown in 
Fig.  2C, a 6–8 cycles mode in the CIBOMA 2019 and 
CBCSG-010 trials, while a one-year metronomic mode 
in SYSUCC-001) are all negative for an OS benefit. Thus 
we recommend both based on the existing trials. Both of 
these two modes show tolerable toxicities.

Fig. 2  Overall efficiency for additional Capecitabine use in early-staged TNBC. A summarized HR for OS in whole TNBC patients, all RCTs included; 
(B) summarized HR for DFS in whole TNBC patients, all RCTs included; (C) summarized HR for OS in unselected TNBC patients, with CREATE-X 
excluded; (D) summarized HR for DFS in unselected TNBC patients, with CREATE-X excluded
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Our study has several limitations. First, the RCTs 
included in the present study used different dosages 
and treatment duration of capecitabine and which 
one should be the optimal treatment plan remains 
unclear. Second, the present study did not discuss 
how to treat those TNBC patients who achieve pCR 

after NACT. In our opinion, pCR predicts a favour-
able but unsatisfactory prognosis for TNBC, with 
a 5-year DFS rate of approximately 85% [9]. On the 
other hand, TNBC patients who tend to receive 
NACT always have risk factors, then why do not we 
consider addition of capecitabine, since our data 

Fig. 3  Subgroup analysis for additional Capecitabine use in early-staged TNBC. A summarized HR for DFS in unselected TNBC patients receiving 
A&T based regimens; (B) summarized HR for DFS in unselected TNBC patients with LN negative; (C) summarized HR for DFS in unselected TNBC 
patients with LN positive; (D) summarized HR for DFS in unselected TNBC patients with LN positive, capecitabine ≥6 cycles or 18 weeks; (E) 
summarized HR for DFS in unselected premenopausal TNBC patients; (F) summarized HR for DFS in unselected postmenopausal TNBC patients
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support the application of capecitabine in all stage 
TNBC patients, irrespective of nodal status and 
menopausal status. Third, TNBC has been demon-
strated to be a highly heterogeneous disease with var-
ious intrinsic characteristics in recent years [28–30]. 
However, information on these important genomic or 
metabolic characteristics was deficient in the eligible 
trials. Thus which specific subtype of TNBC would 
benefit the most from adding capecitabine remains 
unclear, too. Finally, detailed risk stratification and 
efforts to identify patients at a higher risk are needed. 

Highly sensitive diagnosis tests, such as circulating 
tumor cells and circulating tumor DNA technology 
might be promising in this regard.

Conclusions
The present meta-analysis of RCTs demonstrates for the 
first time that adding capecitabine to standard chemo-
regimens could improve both DFS and OS in unselected 
eTNBC patients, and this benefit remains consistent 
regardless of nodal status and menopausal status, which 
may lead eTNBC therapy into a new era.

Table 3  Summarized toxicities data of studies

Events Grade 3/4, No.(%) OR (95%CI) p value

Capecitabine group
(N = 954)

Control group
(N = 926)

HFS 124 (13.0) 0 (0.0) 139.44 (24.43–5555.92) < 0.001

Neutropenia 137 (14.4) 118 (12.7) 1.13 (0.87–1.48) 0.31

Abdominal pain/diarrhea 18 (1.9) 3 (0.3) 5.92 (1.85–18.88) < 0.001

Nausea 9 (0.9) 4 (0.4) 2.19 (0.71–6.74) 0.27

Vomiting 17 (1.8) 9 (1.0) 1.85 (0.84–1.08) 0.09

Fatigue 18 (1.9) 2 (0.2) 5.92 (1.85–18.88) < 0.001

Overall 435 (45.6) 304 (32.8) 1.71 (1.42–2.07) < 0.001

Fig. 4  A “NACT-guided mode” or a “Standard plus mode” in early-staged TNBC. A In a “NACT-guided mode”, early-staged TNBC patients with risk 
factors (i.e. T > 2 cm, or LN+, or young-onset (<40y), or high ki67 index) are recommended to receive standard NACT. After screening of NACT, 
patients with residual invasive tumor are strong candidates for additional 6–8 cycles capecitabine use. B In a “Standard plus mode”, standard CT 
plus capecitabine could be recommended to all early-staged TNBC patients with risk factors, according to the present evidences. For T1b-cN0M0 
patients, additional capecitabine could also be considered and discussed with patients



Page 10 of 11Ye et al. BMC Cancer          (2022) 22:261 

Abbreviations
TNBC: Triple negative breast cancer; eTNBC: Early-staged TNBC; RCT​: Rand-
omized controlled trial; NACT​: Neoadjuvant chemotherapy; HR: Hazard ratios; 
95%CI: 95% confidence interval; ER: Estrogen receptor; PR: Progesterone 
receptor; A/E: Anthracyclines; T: Taxanes; C: Cyclophosphamide; Cb: Carbopl-
atin; X: Capecitabine; 5-Fu/F: Fluorouracil; PRISMA: Preferred Reporting Items 
for Systematic Reviews and Meta-analyses; PROSPERO: International Prospec-
tive Register of Systematic Reviews; ASCO: American Society of Clinical Oncol-
ogy; ESMO: The European Society for Medical Oncology; SABCS: San Antonio 
Breast Cancer Symposium; DFS: Disease-free survival; OS: Overall survival; RFS: 
Relapse free survival; LRRFS: Local-regional recurrence free survival; DMFS: 
Distant metastasis-free survival.

Acknowledgements
Not applicable.

Authors’ contributions
FY, LB, XW and XX conceived the study and wrote the manuscript. FY, LB, JW, 
and PY took charge of data base reaching, data interpretation and language 
editting. FY, LB, PY and NL peformed all data analysis. All the authors were all 
involved in approval of the final version.

Funding
This work was sponsored by fund from the Natural Science Foundation of 
Guangdong (2018A0303130285, Feng Ye). The funding body played no role in 
the design of the study and collection, analysis, and interpretation of data and 
in writing the manuscript.

Availability of data and materials
The data used to support the findings of this study are included within the 
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare to have no competing interest.

Author details
1 Department of Breast Oncology, Sun Yat-Sen University Cancer Center, 
State Key Laboratory of Oncology in South China, Collaborative Innovation 
Center for Cancer Medicine, 651 East Dongfeng Road, Guangzhou, Guang-
zhou 510060, Guangdong, China. 2 Department of Breast Oncology, Guang-
dong Hospital of Traditional Chinese Medicine, Guangzhou, Guangdong, 
China. 3 Department of Anesthesiology, Sun Yat-Sen University Cancer Center, 
State Key Laboratory of Oncology in South China, Collaborative Innovation 
Center for Cancer Medicine, Guangzhou, Guangdong, China. 

Received: 19 April 2021   Accepted: 22 February 2022

References
	1.	 Yin L, Duan JJ, Bian XW, Yu SC. Triple-negative breast cancer molecular 

subtyping and treatment progress. Breast Cancer Res. 2020;22(1):61.
	2.	 Marra A, Viale G, Curigliano G. Recent advances in triple negative breast 

cancer: the immunotherapy era. BMC Med. 2019;17(1):90.
	3.	 Caparica R, Brandao M, Piccart M. Systemic treatment of patients 

with early breast cancer: recent updates and state of the art. Breast. 
2019;48(Suppl 1):S7–S20.

	4.	 Mobus V, Jackisch C, Luck HJ, du Bois A, Thomssen C, Kuhn W, et al. 
Ten-year results of intense dose-dense chemotherapy show superior 
survival compared with a conventional schedule in high-risk primary 

breast cancer: final results of AGO phase III iddEPC trial. Ann Oncol. 
2018;29(1):178–85.

	5.	 Bonilla L, Ben-Aharon I, Vidal L, Gafter-Gvili A, Leibovici L, Stemmer SM. 
Dose-dense chemotherapy in nonmetastatic breast cancer: a systematic 
review and meta-analysis of randomized controlled trials. J Natl Cancer 
Inst. 2010;102(24):1845–54.

	6.	 Gluz O, Nitz UA, Harbeck N, Ting E, Kates R, Herr A, et al. Triple-negative 
high-risk breast cancer derives particular benefit from dose intensifica-
tion of adjuvant chemotherapy: results of WSG AM-01 trial. Ann Oncol. 
2008;19(5):861–70.

	7.	 Citron ML, Berry DA, Cirrincione C, Hudis C, Winer EP, Gradishar WJ, et al. 
Randomized trial of dose-dense versus conventionally scheduled and 
sequential versus concurrent combination chemotherapy as postopera-
tive adjuvant treatment of node-positive primary breast cancer: first 
report of intergroup trial C9741/Cancer and leukemia group B trial 9741. J 
Clin Oncol. 2003;21(8):1431–9.

	8.	 (EBCTCG) EBCTCG. Long-term outcomes for neoadjuvant versus adjuvant 
chemotherapy in early breast cancer: meta-analysis of individual patient 
data from ten randomised trials. Lancet Oncol. 2018;19(1):27–39.

	9.	 Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N, et al. 
Pathological complete response and long-term clinical benefit in breast 
cancer: the CTNeoBC pooled analysis. Lancet. 2014;384(9938):164–72.

	10.	 von Minckwitz G, Untch M, Blohmer JU, Costa SD, Eidtmann H, Fasching 
PA, et al. Definition and impact of pathologic complete response on 
prognosis after neoadjuvant chemotherapy in various intrinsic breast 
cancer subtypes. J Clin Oncol. 2012;30(15):1796–804.

	11.	 Pallis AG, Boukovinas I, Ardavanis A, Varthalitis I, Malamos N, Georgoulias 
V, et al. A multicenter randomized phase III trial of vinorelbine/gemcit-
abine doublet versus capecitabine monotherapy in anthracycline- and 
taxane-pretreated women with metastatic breast cancer. Ann Oncol. 
2012;23(5):1164–9.

	12.	 Kaufman PA, Awada A, Twelves C, Yelle L, Perez EA, Velikova G, et al. Phase 
III open-label randomized study of eribulin mesylate versus capecit-
abine in patients with locally advanced or metastatic breast cancer 
previously treated with an anthracycline and a taxane. J Clin Oncol. 
2015;33(6):594–601.

	13.	 Cameron D, Morden JP, Canney P, Velikova G, Coleman R, Bartlett J, et al. 
Accelerated versus standard epirubicin followed by cyclophosphamide, 
methotrexate, and fluorouracil or capecitabine as adjuvant therapy for 
breast cancer in the randomised UK TACT2 trial (CRUK/05/19): a multi-
centre, phase 3, open-label, randomised, controlled trial. Lancet Oncol. 
2017;18(7):929–45.

	14.	 Zhang X, Zhou Y, Mao F, Lin Y, Guan J, Sun Q. Efficacy and safety of 
pirarubicin plus capecitabine versus pirarubicin plus cyclophosphamide 
in Chinese node-negative breast cancer patients: a 4-year open-label, 
randomized, controlled study. Med Oncol. 2015;32(10):240.

	15.	 von Minckwitz G, Rezai M, Loibl S, Fasching PA, Huober J, Tesch H, et al. 
Capecitabine in addition to anthracycline- and taxane-based neoadju-
vant treatment in patients with primary breast cancer: phase III Gepar-
Quattro study. J Clin Oncol. 2010;28(12):2015–23.

	16.	 Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant 
Capecitabine for breast Cancer after preoperative chemotherapy. N Engl 
J Med. 2017;376(22):2147–59.

	17.	 Martin M, Ruiz Simon A, Ruiz Borrego M, Ribelles N, Rodriguez-Lescure A, 
Munoz-Mateu M, et al. Epirubicin plus cyclophosphamide followed by 
Docetaxel versus Epirubicin plus Docetaxel followed by Capecitabine as 
adjuvant therapy for node-positive early breast Cancer: results from the 
GEICAM/2003-10 study. J Clin Oncol. 2015;33(32):3788–95.

	18.	 Lluch A, Barrios CH, Torrecillas L, Ruiz-Borrego M, Bines J, Segalla J, et al. 
Phase III trial of adjuvant Capecitabine after standard neo−/adjuvant 
chemotherapy in patients with early triple-negative breast Cancer (GEI-
CAM/2003-11_CIBOMA/2004-01). J Clin Oncol. 2020;38(3):203–13.

	19.	 Usui Y, Ishiki H, Shimomura A, Satomi E. Suggestions regarding the GEI-
CAM/2003-11_CIBOMA/2004-01 trial: future treatment options for early 
triple-negative breast Cancer. J Clin Oncol. 2020;38(18):2111–2.

	20.	 Wang X, Wang SS, Huang H, Cai L, Zhao L, Peng RJ, et al. Effect of Capecit-
abine maintenance therapy using lower dosage and higher frequency 
vs observation on disease-free survival among patients with early-stage 
triple-negative breast Cancer who had received standard treatment: the 
SYSUCC-001 randomized clinical trial. JAMA. 2020;325(1):50–8.



Page 11 of 11Ye et al. BMC Cancer          (2022) 22:261 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	21.	 Li J, Yu K, Pang D, Wang C, Jiang J, Yang S, et al. Adjuvant Capecitabine 
with Docetaxel and cyclophosphamide plus Epirubicin for triple-negative 
breast Cancer (CBCSG010): an open-label, randomized, multicenter, 
Phase III Trial. J Clin Oncol. 2020;38(16):1774–84.

	22.	 Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods 
for incorporating summary time-to-event data into meta-analysis. Trials. 
2007;8:16.

	23.	 Joensuu H, Kellokumpu-Lehtinen PL, Huovinen R, Jukkola-Vuorinen A, 
Tanner M, Kokko R, et al. Adjuvant Capecitabine in combination with 
Docetaxel, Epirubicin, and cyclophosphamide for early breast Cancer: the 
randomized clinical FinXX trial. JAMA Oncol. 2017;3(6):793–800.

	24.	 O’Shaughnessy J, Koeppen H, Xiao Y, Lackner MR, Paul D, Stokoe C, et al. 
Patients with slowly proliferative early breast Cancer have low five-year 
recurrence rates in a phase III adjuvant trial of Capecitabine. Clin Cancer 
Res. 2015;21(19):4305–11.

	25.	 Bianchini G, Balko JM, Mayer IA, Sanders ME, Gianni L. Triple-negative 
breast cancer: challenges and opportunities of a heterogeneous disease. 
Nat Rev Clin Oncol. 2016;13(11):674–90.

	26.	 Natori A, Ethier JL, Amir E, Cescon DW. Capecitabine in early breast 
cancer: a meta-analysis of randomised controlled trials. Eur J Cancer. 
2017;77:40–7.

	27.	 Li Y, Zhou Y, Mao F, Lin Y, Zhang X, Shen S, et al. Adjuvant addition of 
capecitabine to early-stage triple-negative breast cancer patients receiv-
ing standard chemotherapy: a meta-analysis. Breast Cancer Res Treat. 
2020;179(3):533–42.

	28.	 Gong Y, Ji P, Yang YS, Xie S, Yu TJ, Xiao Y, et al. Metabolic-pathway-based 
subtyping of triple-negative breast cancer reveals potential therapeutic 
targets. Cell Metab. 2021;33(1):51–64 e59.

	29.	 Zhao S, Zuo WJ, Shao ZM, Jiang YZ. Molecular subtypes and precision 
treatment of triple-negative breast cancer. Ann Transl Med. 2020;8(7):499.

	30.	 Jiang YZ, Ma D, Suo C, Shi J, Xue M, Hu X, et al. Genomic and transcrip-
tomic landscape of triple-negative breast cancers: subtypes and treat-
ment strategies. Cancer Cell. 2019;35(3):428–440 e425.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Additional capecitabine use in early-stage triple negative breast cancer patients receiving standard chemotherapy: a new era? A meta-analysis of randomized controlled trials
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Publication selection and search strategy
	Inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Eligible studies
	Characteristics of enrolled trials
	Efficacy of Capecitabine addition
	Overall efficiency
	Subgroup analysis
	Toxicity
	Publication bias


	Discussion
	Conclusions
	Acknowledgements
	References


